In many very high density cities in Asia in which there is limited area to expand, growth is forced upward as well as outward. Densely packed detached houses and low-rise buildings are replaced by lower density high-rises, leaving open spaces between high-rise buildings. Through this process, areas that formerly did not have much green space gain valuable green spaces, and new ecological corridors and patches are created. In this study, the demographic and housing-type changes of Wonju City were delineated using land use maps, aerial images, census data, and other administrative data. Green area changes were calculated using land cover data derived from multi-year Landsat TM satellite imagery. The values were then compared against demographic and housing-type changes for each administrative unit. The overall results showed a decrease of forested area in the city and an increase of developed area. Urban sprawl was clearly visible in many of the suburban areas. However, as expected, we also detected areas in which greenness did not decrease when the population greatly increased. These areas were characterized by residential building complexes of ten or more stories. If an equal number of housing units had been built as detached houses, these areas would not have kept as much green space. Our research result showed that high-density and high-rise residential structures can offer an alternative means to protect or create urban green spaces in high-density urban environments.
Introduction
Population growth has a great impact on land use in a city and sometimes requires a changes in land use regulation and zoning (Choi 1998; Kang 2000; Ok 2000; Park and Seo 2009; Kim and Moon 2011) . Some earlier studies have reported that urban population growth brings about the expansion of urban areas and that, due to this expansion, existing forests and ecological environments have been destroyed or reduced (Suh and Kim 2010; Hung et al. 2010; Eum et al. 2011; Pax-Lenney et al. 2011) . The forests and grasslands that are dispersed within cities are an indispensable element for the maintenance of healthy flora, fauna, and ecosystems in the cities. Forests and grasslands function as habitats for animals and plants, and provide people with pleasant urban environments, by improving microclimates, improving safety by prevention crime, and offering recreation activities (Kim 1997; Kwon et al. 2003 Kwon et al. , 2004 Shin et al. 2003; Korea Forest Service 2007) .
A number of studies have been conducted to date that address the two issues of urban growth and pleasant urban environments simultaneously. In particular, several arguments have been raised about urban growth and subsequent urban space configuration. Emphasizing concentrated and high-rise construction to accommodate soaring populations, Le Corbusier (1980) argued for addressing urban problems through high floor-to-area ratios and low building coverage. Howard (2008) and Perry (1998) attempted to solve the problems caused by urban growth through the development of relatively small-scale housing environments. In general, population growth requires more land for housing and more support facilities, and large green areas are taken to secure space for them. It is assumed that relatively flat urban growth and population influx is possible in large countries; in small countries with a high population, however, three-dimensional cities with relatively high densities are generally developed. In Korea, the population has increased significantly with economic growth since the 1970s. The government has been promoting the construction of residential building complexes to solve the housing problems that have come with the population increase. High-rise residential building complexes of ten or more stories (HRCs) are one approach used in contemporary cities (Shin and Park 1993; Sohn and Kang 2001; Yoon and Lee 2007; Lee and Suh 2008; Yi et al. 2008) . The goal of this study is to examine the impact on land use caused by population growth in Wonju City. Wonju is one of the major cities in Gangwon Province and has seen urban growth increase in comparison with other cities because of its geography and national policies. The city has recently been designated by the state as a corporate city and innovative city, and there are plans to move state agencies there. As a result, it is predicted that population growth and urban change will increase dramatically in the future.
In anticipation of these future changes in Wonju City, it is useful to acquire the information now that will help us understand, in particular, how housing environments caused by population growth affect urban land cover. The purposes of this study were (i) to identify landcover changes in the study area, (ii) to analyze the characteristics of the population and the construction of high-rise housing, and (iii) to determine the relationship between population increases and the construction of HRCs and resulting urban land cover change.
Materials and Methods

Study area
Wonju is approximately 110 km from Seoul, and located at the center of the country. As a major city of Gangwon Province, it is a transportation hub, with Yongdong and Joonang highways passing through it east-to-west and north-to-south, respectively. The city was integrated with Wonju-gun in 1995 , whereas commercial and industrial areas increased by 0.8 km 2 and 3.3 km 2 , respectively.
Data and method
In this research, changing urban land cover was examined through an analysis of a time series of satellite images, using Geographic Information System (ArcGIS 9.3) and Remote Sensing (Erdas Imaging 9.0). Data collected for the research included Landsat TM satellite images for 1994, 2006, and 2013 ; numerical maps; ecological maps; digital administrative maps; and local statistics for population, buildings, and land use. Landsat TM satellite images were collected from USGS (2014). Numerical maps were produced by National Geographic Information Institute as digitized map location information and spatial information in digital form. Ecological maps with land cover and forest types were collected from the Ministry of Environment for 2001 and 2007. Geometric correction was performed on satellite image data with the digital map, and a land cover map was created, using a classification system that extracted the Wonju area data. Six bands (all except band 6) of each satellite image data were used with a resolution of 30 m. The land cover maps produced were modified partially using ecological map. GIS programs were used for the analysis of land cover in each administrative area, and for area calculations. The administrative areas of Wonju have been integrated and separated several times; in this research, however, the analysis has been carried out for integrated areas in the first instance. Separated areas have been classified as "adminis- trative areas prior to separation" and then analyzed (Fig. 1) . The construction periods for collective residential housing were traced through statistical yearbooks, and the number of buildings and households in each area was identified.
Results and Discussion
Land cover changes 2.2%, respectively in 1994; and it changed to 69.6%, 24.0%, and 4.9% in 2013. Urban areas increased by 2.7%, whereas forests decreased by 5.0%.
The increase in urban areas was most significant in Jijeong (3.1 km 2 ) and Munmak-eup (2.8 km2). In the case of dongs, the urban area of Bangokgwanseol-dong increased by 3.8 km 2 , followed by Musil-dong (1.7 km 2 ) and Dangu-dong (1.1 km 2 ). Significant increase of urban areas in Jijeong-myeon and Bangokgwanseol-dong are due to new construction for the business city and innovative city (Fig. 2) . In the case of Dangu-dong, Myeongnyun-dong and Dangye-dong, urban areas increased 26.1-20.1% from 1994 to 2013. This suggests that more than half of the areas became urbanized from current urban area. Meanwhile, an analysis of the reduction in forest areas caused by the increase in urban areas demonstrated that forests, especially in Jijeong-myeon and Socho-myeon, were reduced (by 8.5 km 2 and 5.1 km 2 respectively). Changes in land cover indicate that the increase in urban areas and grasslands are closely related to the reduction in forests.
Grassland has been generally reduced in dong areas but increased in myeon area. In the case of Jijeong-myeon and Socho-myeon, grass areas were significantly increased by construction of golf courses (Fig. 3) . It also appears that road development had a significant impact on land cover change, because Hojeo-myeon is located at the intersection of Joongang and Yeongdong highways, which were constructed during this period. Similarly, it appears that land cover change in Munmak-eup was due to various developments that occurred because of its proximity to multiple highways. An analysis shows that this was due to Wonju's policy of developing new residential areas and securing the necessary facilities.
Population change
The population of Wonju was 231,227 in 1994 and 327,381 in 2013 ; it increased by 96,154 during the period Note: H is households; P is population.
( Table 2) . At the dong level, the population increased in seven dongs and decreased in six. Population growth was most significant in Musil-dong, where the population increased by 29,483, from 1,577 to 31,060 (a growth rate of approximately 1,869.6%). In other words, more than nineteen times the population moved into these areas over the 20-year period. Dangu-dong also more than doubled in population from 1994 to 2013. Meanwhile, the population decreased in Junganghakseong-dong, Usan-dong, and Ilsan-dong by 43.5%, 15.5%, and 13.7% respectively. The decrease in Usan-dong can be attributed to the industrial parks and university sites widely distributed in the area. The reason for the population decrease in Junganghakseong-dong, which had no significant change although it was located at the center of the urban area, is that military bases are currently widely distributed in the area. At the eup and myeon level, the population decreased in six myeons, including Buron-myeon and Sillim-myeon, and increased in one eup and two myeons, including Munmakeup, Panbu-myeon, and Heungeop-myeon. The areas that have had significant population growth are characteristically close to dong areas and adjacent to highways.
Recently, there has been population growth in relatively remote areas and areas that are distant from urban centers. This is assumed to be due the development of new residential complexes in these areas. Although located far from city centers, these areas are close to highways. The analysis shows that almost all the newly constructed towns were cre- ated by developments in urban green space.
Construction of HRCs
In Wonju, HRCs have been built since 1979 (Table 3) During the period 1979-2012, construction records of apartment buildings indicate that, 145 (11,456 households), 125 (10,734 households), and 118 (8,845 households) apartment buildings were constructed in Dangudong, Taejang-dong, and Myeongnyun-dong, respectively. All of these areas had high population growth in the period. More collective housing facilities were developed in these areas than in others. Calculated on the basis of 2.5 people per household, it seems that collective housing has accommodated most of the population increase. In Munmak-eup the population growth during the same period was 7,572, while 41 apartment buildings (3,392 households) were constructed, which suggests that this construction was carried out for the purpose of accommodating the population of other areas, or future population growth, rather than to house Munmak-eup's own population. Construction of HRCs has been increased according to the expansion of urbanized area, and has a tendency to gradually spread to the outer areas of the city center (Fig. 3) .
Impact on urban area
An examination of the patterns of land cover change from population growth indicates that in Haenggu-dong, where the population increased most significantly, forest areas were reduced by 4,762.5 m 2 per capita; in Musildong, it was reduced by 1,938.2 m 2 (Table 4 ). In
Munmak-eup, where population growth was most significant among the myeon areas, it was reduced by 2,391.3
; and in Panbu-myeon and Heungeop-myeon, it was reduced by 13,002.8 m 2 and 6,318.5 m 2 , respectively. This suggests that population growth leads to a reduction in green areas; however, increases in population growth and urbanized areas are not proportional (Table 5) . In other words, the size of urban areas does not increase in proportion to the volume of the population increase. Population change had higher correlations with apartment building and household increases (Table 6 ). However, it showed no correlation with population increase and urban area increase. This is due to the influence of residential form. If an equal number of housing units had been built as detached houses, these areas would not have kept as much green space.
In dong areas, while population growth led to urban area increase, its impact on land cover was less significant than in myeon areas. In Korea, HRCs have been widely built in order to accommodate rapid population growth on limited land, or to meet residents' housing preferences (Yang 1995; Im and Kim 2001) . This has triggered high-rise and high-density urban housing. In Wonju, similarly, it appears that a number of the apartments that were built in dong areas were housing for the increased population.
The impact of population growth on land cover is more significant in locations at the outskirts of urban areas (that is, myeon areas) than in the urban areas themselves, even though the growth in myeon areas is less significant than in urban areas. In general, as populations increase, cities expand through the presence of housing and support facilities. This soon has an impact on land cover. This is because in myeon areas, construction of HRCs is generally regulated; low-rise housing is preferred to high-rise housing as a lifestyle choice (Lee 2010; Chun and Oh 2013) . In other words, in dong areas, mainly high-density, high-rise residential buildings are constructed, because the areas are located in city centers; thus, the reduction of green areas is relatively insignificant. If as many single houses were constructed as the number of households in these areas, relatively large areas of open space would be required. This suggests that housing types have an impact on the reduction of green areas. The development of commercial or industrial areas is affected by the location and value of the land more than other uses; thus, space for construction is limited. In residential areas, in comparison, a wide range of land can be used. Therefore, this issue needs to be considered at a policy level in urban planning. 
Conclusions
In this research, we analyzed the characteristics of changes in land cover from population growth, by drawing on an examination of land cover and population changes in Wonju through a time series of satellite images. We were able to verify that as a population increases, urban areas increase and grasslands decrease. The increase in urban areas also has an impact on the reduction of forest areas. Generally, it has been assumed that as a population increases, urban areas also increase, or increase proportionally. However, we were also able to verify that, when housing to accommodate population growth is located in areas with high population densities, residential building complexes of ten or more stories can largely prevent forests from being converted into urban areas. The analysis also demonstrated that rates of forest destruction are higher when the population increases in areas of low population density. Thus, the destruction of forest areas may be reduced in the future, if medium-density housing is expanded by deregulation of the low-density housing policy. Future research will be necessary to create urban areas that limit the destruction of green areas and grasslands, and do not inhibit their ecological functions.
